The effect of hay bales and perches as environmental enrichment material was investigated on the behavior, heterophil/lymphocyte (H/L) ratio, footpad dermatitis (FPD), and productivity of Japanese broilers in a commercial farm. About 21,500 birds were allocated to 4 houses: male versus female×control versus treatment house. We observed maintenance behavior, the utilization of hay bales and perches, and the H/L ratio of birds at 3, 5, and 8 weeks of age. FPD was scored and productivity was calculated at about 60 days after hatching. Compared to birds in the control houses, birds in the treatment houses invested more time in stand-resting and moving behaviors (P＜0.01, for each behavior) and less time feeding, drinking, and sit-resting (P＜0.01, for each behavior). Females used the hay bales and perches more than the males (P＜0.1 and P＜0.01, respectively). The activity and utilization of hay bales and perches decreased with age (P＜0.01, for each behavior, respectively). The H/L ratio of birds in the treatment houses was lower than that in the control houses (P＜0.01). The prevalence of FPD was milder in the treatment houses compared to the control houses for females (P＜0.01), but not for males. In conclusion, hay bales and perches represent effective enrichment materials, allowing broilers to express normal behavior, alleviating stress in the younger and lighter birds of both sexes, and reducing FPD in female birds using the hay bales and perches more than males.
Introduction
The World Organisation for Animal Health (OIE) adopted the code of "Animal welfare and broiler chicken production systems" in May 2013. Broiler companies in Japan are expected to follow the code to participate in the global market. To improve animal welfare, it is important to guarantee five freedoms to animals: freedom from hunger and thirst, freedom from discomfort, freedom from pain, injury, and disease, freedom to express normal behavior, and freedom from fear and distress (Farm Animal Welfare Council, 1992) . In general, four out of five freedoms are considered to be important in commercial broiler farms in Japan, with the exception of the freedom to express normal behavior. The fulfillment of the freedom to express normal behavior, such as pecking, perching, dust-bathing and preening (Sato et al., 2011) , has not been taken into account in Japan, because it is thought to increase production costs more than it improves benefit. Therefore, Japanese broiler farms must improve existing management practices to address the freedom to express normal behavior.
Pecking and perching are strongly motivated innate behaviors in chickens (Dawkins, 1989; Bizeray et al., 2002a; Olsson and Keeling, 2002) . Hay bales and perches have been suggested as standard environmental enrichment tools by the Royal Society for the Prevention of Cruelty to Animals (RSPCA), which is acknowledged as a key organization focused on animal welfare worldwide. Some studies have found that hay bales increase broiler chicken activity (Kells et al., 2001; Bailie et al., 2013) . In addition, hay bales have been shown to decrease aggressive pecking behavior by male turkeys, in addition to suppressing the cumulative lesion and culling rates (Martrenchar et al., 2001) . Perches have also been reported to increase broiler activity (Bailie et al., 2013) and to improve leg health containing footpad dermatitis (FPD) (Bizeray et al., 2002b; Ventura et al., 2010) . Lameness is one of the most serious welfare issues in broiler chickens, and is primarily attributed to a lack of activity and fast growth rates (Mench, 2004; Bessei, 2006) . Slow growing broilers tend to perch and peck more frequently than fast growing broilers (Bokkers and Koene, 2003; Nielsen et al., 2003; Lee and Chen, 2007) . Therefore, the presence of hay bales and perches may be beneficial to the welfare of slow growing strains, such as Japanese broilers. Hashimoto et al. (2011) observed that the incidence of FPD ranged from 31.9% to 99.5% in broiler farms, and concluded that FPD represents a major welfare and production problem in the Japanese broiler production system. In comparison, the prevalence of FPD in the Netherlands, France, Portugal, and the United Kingdom is 38.4%, 70%, 70%, and 14.8%, respectively (Pagazaurtundua and Warriss, 2006; Allain et al., 2009; Gouveia et al., 2009; De Jong et al., 2012) . This difference in the incidence of FPD in between EU and Japan broilers may be attributed to climatic differences and the finishing body weight of broilers. The climate is cool and dry in the EU especially in the north area, with a finishing body weight of 2 kg. In contrast, the climate is hot and humid in Japan, with a finishing body weight of 3 kg. In addition, it is popular to raise broilers each sex separately in Japan, whereas mixed sex are used in the EU.
In this study, we investigated how hay bales and perches affect the activity, stress, and foot health of Japanese broiler chickens along gender lines belonging to a slow growing strain under warm and humid climatic conditions.
Materials and Methods
This experiment was conducted at a commercial broiler farm located in Iwate Prefecture, Japan, from July 4 to September 3, 2009. In total, 21,493 birds were evenly allocated (5,310 to 5,433) to 4 poultry houses: a treatment house with males, a control house with males, a treatment house with females, and a control house with females. The treatment represented treatment or control conditions for each sex separately. The Tatsuno (referred to as broilers or birds from this point onwards) used in this study was selected as a brown plumage chicken with high quality meat (i.e., tasty and tensible) at the National Livestock Breeding Center Hyogo Station, Japan, since 2004. In general, the birds of this strain are likely to perch on the rail of feeders or drinkers. These birds are slaughtered at about 60 days of age, at which point they weigh about 3.0 kg. The slaughter age of these birds is older than that of birds from common strains, such as Ross and Cobb, which are slaughtered at about 50 days of age with the same weight.
This experiment was conducted in accordance with the institutional guidelines concerning animal use.
Experimental Design
Each experimental house was 7.28 m wide×56.42 m long, with no windows. The concrete floor was covered with a sawdust litter of about 3 cm depth, which was not changed throughout the rearing period. The stocking rate was about 13 birds per square meter (max. stocking density was almost 39 kg/m 2 ). Each house contained 2 feeder lines, each of which had 73 hoppers (C2 + Shallow Poultry Feeder, CTB, Inc., Indiana, USA) and 4 drinker lines (Hi-Flo12B, CTB, Inc.). Each drinker line had 211 nipples with cups. The temperature and ventilation in the houses were controlled by the Chore-Tronics ® (MD40, CTB, Inc.), according to the rearing and management manual for common broiler, Cobb 500. Temperature was set at 32℃ for 1-day-old chicks, and was decreased by 1℃ every 2-4 days until it reached 18℃ at slaughter age. The houses were ventilated to maintain the appropriate air temperature and air quality (including carbon dioxide levels, anomia, and dust). Relative humidity was set at 60-70% throughout the study. The air was pulled into the house by 2 small fans (300 m 3 /min, NK-14SGA, Matsushita Nabec Co., Ltd., Aichi, Japan) located on either side of each house, and was exhausted by 8 large fans (600 m 3 /min, EM-50, Munters, Kista, Sweden) located on the long axis end of the house.
The house was continuously lit by 26 incandescent bulbs at a light intensity of about 5 lx, except for the first week. Light intensity was more than 25 lx during the first week, and was provided by 52 incandescent bulbs.
Eight compact hay bales containing timothy grasses (30 cm height, 40 cm length, and 60 cm width) and 7 wooden perches (10 cm height, consisting of two parallel bars with 31 cm slat width each) were placed in each treatment house Journal of Poultry Science, 52 (4) 324 Fig. 1 . Design of the treatment house from the start of the experiment, following the specifications of the RSPCA (2013). Each bar on each perch was chamfered for easy grip by the birds. Each bar was 1.2 cm thick, 4.5 cm wide, and 220 cm long. The RSPCA standard specified the provision of 1.5 hay bales and a 2 m perch for 1000 birds, respectively. However, the RSPCA also recommend an ideal perching space of 15 cm/bird, allowing approximately 10% of birds in the house to perch at any one time. The hay bales and perches were alternately placed in a line along the center of the house between 15 brooder heaters (Jet gas brooder, 5090-3030-J, Ishii Co., Ltd., Tokushima, Japan). After 5 weeks, an additional 12 perches (totaling 83.6 m length) were placed along the long wall of the 2 treatment poultry houses to adopt the RSPCA standard ( Fig.  1) . Hay bales had not been broken up as a result of pecking by the end of the rearing period.
Birds originating from the same parent stock lot were vaccinated according to standard protocols, and were used for this experiment. Feed and water were freely available. The birds were fed starter crumble (22.0% crude protein: CP; 2,950 kcal/kg Metabolizable Energy: ME) for the first 3 weeks, then grower mash (19.0% CP; 3,100 kcal/kg ME) for the next 12 days, and then finisher mash (17.0% CP; 3,200 kcal/kg ME) until slaughter.
Behavioral Observations
The behavior of the birds was observed at 3, 5, and 8 weeks of age. Two cameras (SM-C541AZH D/H, Wireless Tsukamoto Co., Ltd, Mie, Japan) and a video recorder (Digital Recorder KV-D900, TOSHIBA CORPORATION, Tokyo, Japan) were set to record maintenance behavior in each house. The scope of the camera included 2 hopper feeders, 4-5 drinkers, and free space. The behavioral categories were feeding, drinking, sit-resting, stand-resting, and moving. The behavior of the birds was monitored by 2 cameras at 5 min intervals for the first 30 min of every 3 h for 24 h (n＝6×8×2). On average, 11.4 birds were recorded in each scan. The percentage of birds engaging in each behavioral category in each scan was averaged for each 30 min period (n＝16).
One hay bale and 1 perch in each of the treatment houses (males and females) were video-recorded. The number of birds pecking at a hay bale and the number of perching birds were scanned at 5 min intervals for the first 10 min of every 3-h for 24 h (n＝3×8), and were averaged for each 10 min (n ＝8). The total number of times a hay bale was pecked was recorded continuously for the first 10 min of every 3-h for 24 h (n＝8). The number of peckings/bird for each 10 min was calculated as the total number of peckings divided by the average number of pecking birds.
Blood Sampling to Obtain the Heterophil/lymphocyte Ratio
Blood was collected from the wing veins of 10 birds in each house at 3, 5, and 8 weeks of age to measure the heterophil/lymphocyte (H/L) ratio as a physiological stress indicator. Glass slides smeared with fresh blood were stained with Light-Giemsa stain within 1 h after blood sampling (Deffi-quick stain kit, Sysmex Corporation, Hyogo, Japan). One hundred granular (heterophils, eosinophils, and basophils) and nongranular (lymphocytes and monocytes) leucocytes were counted on 1 slide for each bird, and the H/L ratio was calculated.
FPD Prevalence
The degree of FPD on birds in the slaughterhouse was scored as follows; 0: No lesions, 1: Mild (mild hyperkeratosis), 2: Moderate (light brown discoloration in a single lesion of less than 3-mm diameter, 3: Severe (brown discoloration, with or less 2 lesions present), and 4: Very severe (deep brown or black discoloration of more than 3-mm diameter in more than 3 lesions) (Fig. 2) . Four-hundred feet per flock Ohara et al.: Environmental Enrichment of Broilers were collected randomly to assess the FPD. One of authors (AO) assessed the FPD score to ensure consistency in scoring.
Productivity
An average final body weight was automatically calculated at the slaughterhouse for each flock. The slaughter age of male birds from the control house was 1 day younger than that from the treatment house. Therefore, the final body weight of the male birds in the control house was calculated as the weight at slaughter plus the daily gain, which calculated as the average daily gain over the entire experimental period. The feed conversion ratio (FCR) was calculated as the total amount of feed consumed in the flock divided by the total body weight gain of the flock during the experimental period. Thus, both datasets were calculated for each flock separately. Mortality was recorded every day.
Statistical Analysis
A General Linear Model (GLM) was used to ascertain the effects of 3 factors (treatment, age, and sex) and their interactions on each behavioral category and the H/L ratio, and to ascertain the effects of 2 factors (age and sex) and their interaction on pecking and perching by the statistical package Statistica 6.0.3. FPD scores were treated by a 5×2 chisquare analysis. In all analyses, P＜0.05 was used to represent statistical significance. Table 1 presents the percentage of birds that engaged in each behavioral category according to treatment, age, and sex. Treatment had a significant effect on the percentage of birds engaging in feeding, drinking, sit-resting, standresting, and moving behaviors (P＜0.01, for each behavioral category). Compared to the control, a lower percentage of birds invested in feeding, drinking, and sit-resting in the treatment houses, spending more time stand-resting and moving (P＜0.01, for each behavior category). Age had a significant effect on feeding, sit-resting, stand-resting, and moving (P＜0.01, for each behavior category). With age, feeding, stand-resting, and moving decreased, whereas sitresting increased. Sex had a significant effect on drinking, sit-resting, and stand-resting (P＜0.01, for each behavior category). Compared to males, a greater percentage of female invested in drinking, sit-resting, and stand-resting. The treatment×age interaction had a significant effect on all behavioral categories (P＜0.01, for each behavior category). The treatment×sex interaction had a significant effect on sitresting and moving (P＜0.01 and P＜0.05 for each behavior category, respectively).
Results

Effects of Treatments on Maintenance Behavior
Effects of the Treatments on Hay Bale and Perch use by Birds
The number of birds pecking at a hay bale decreased with age (P＜0.01; Table 2 ). More females pecked at bales than males (P＜0.1), even though similar numbers of males and females aggregated around bales. Thus, females pecked at bales more frequently than males. The age×sex interaction had a significant effect on the number of birds pecking at a hay bale (P＜0.01). Female birds pecked more than males at 3 weeks of age, whereas this phenomenon was reversed at 5 weeks of age, with no difference between the sexes at 8 weeks of age. Age and sex had no effect on the total number of times a bale was pecked or the number of peckings/bird.
Age and sex had a significant effect on the number of perching birds (P＜0.01 each; Table 3 ). The number of perching birds decreased with age, with more females than males investing in this behavior. The age×sex interaction had a significant effect on the number of perching birds. At 3 and 8 weeks of age, females perched more than males, whereas the reverse was recorded at 5 weeks of age.
Effects of the Treatments on H/L Ratio as a Physiological Stress Indicator
Treatment and age had significant effects on the H/L ratio (P＜0.01 each; Table 4 ). The H/L ratios of birds in the control houses were significantly higher than those in the treatment houses. The H/L ratios increased 2.4-and 2.8-fold from 3-week-old birds to 5 and 8-week-old birds, respectively. The age×sex interaction had a significant effect on the H/L ratio (P＜0.01). At 3 and 8 weeks of age, the H/L Journal of Poultry Science, 52 (4) W＝0 . 0 n.s W＝17 . 6** W＝11 . 2** ratio of females was lower than that of males. In contrast, the H/L ratio of 5-week-old males was lower than that of females of the same age.
Effects of the Treatments on FPD and Productivity
The effect of enrichment was not significant on FPD prevalence in males, whereas FPD was milder in females in the treatment house compared to the control house (P＜ 0.001; Table 5 ). None of the feet of females in the treatment house had an FPD score of 4 (i.e., the most serious lesion level).
The daily gains and final body weights of birds were greater for both sexes in the treatment houses. The FCRs in the control houses were better than those in the treatment houses for both sexes. Mortality of males was higher in the treatment house than in the control house, while the opposite result was obtained for females (Table 6 ).
Discussion
Effects of Hay Bales and Perches on Broiler Behavior
The current study showed that hay bales and perches are effective at promoting the activity of broilers by increasing the number of birds stand-resting and moving. This result supports that obtained by Kells et al. (2001) , who showed that birds are more active when straw bales are provided. This result also supports that obtained by Bizeray et al. (2002a) , who showed that birds spend less time laying when Ohara et al.: n.s. 0 . 34 Treatment×Sex apparatus is available for perching. The duration of standresting is shorter than sit-resting when straw bales are present (Kells et al., 2001) . Thus, in the current study, the feet of birds in the treatment house may have been in contact with fouled litter for shorter periods than those from the control house, due to a shorter period of stand-resting by the former group. However, bird activity decreased with age in this study, supporting the study of Weeks et al. (1994) , which might be due to increased body weight and a greater incidence of lameness with age (Kestin et al., 2001) . Hashimoto et al. (2011) detected FPD in Japanese broilers from 7 days of age and found that it worsened with age.
Females pecked at hay bales and perched more frequently than males at 3 to 8-weeks old in this study. Lee and Chen (2007) also reported that female birds at 5-16 weeks of age are more active than males in slow-growing local chickens. The authors reported that male birds mainly engage in feeding, drinking, and resting, whereas females mainly engage in foraging (scratching and pecking at the ground), preening, stand/walking, and perching. The authors suggested that foraging is a relaxed leisure behavior. If so, males are motivated to invest more in feeding than females, with pecking at hay bales possibly being suppressed in males. In an implanting experiment by Hughes (1973) , the author reported that the pecking behavior of 12-week old pullets was blocked by giving them testosterone; however, the author did not record feeding behavior. Testosterone therapy is a popular treatment for male hypogonadism humans (Jockenhövel, 2004) . For instance, Amory et al. (2002) reported that mean serum testosterone levels (726 pg/ml) peaked immediately following an injection of 6. 3 mg/d of testosterone. As the normal serum testosterone level is 40-110 pg/ml in 35-day old male broilers (Rozenboim et al., 1999) , the implanted dose in the study by Hughes (1973) might be within the normal range of testosterone in broilers. Thus, pecking at a hay bale may be suppressed in male broilers.
The number of perching birds decreased with age from 3 to 8 weeks, with more females than males perching. Lee and Chen (2007) also reported that female birds perch more frequently than males in mixed-sex groups. The authors suggested that females may perch as a form of avoidance behavior. However, broilers are thought to be unaggressive and too young to have fully formed a dominance hierarchy (Mench, 1988) . Furthermore, no studies have reported that female chicks are more aggressive than male chicks. Some studies have documented that lighter birds perch more frequently than heavier birds (Martrenchar et al., 2000; Bokkers and Koene, 2003; Nielsen, 2004) , with females tending to perch more than males (Hughes and Elson, 1977; Martrenchar et al., 2000) . Perching may be difficult for heavy birds. However, at 5 weeks of age, male birds perched more frequently than female birds in the current study. This phenomenon may arise due to the lower weekly body weight gains of males at 5 weeks of age in the treatment house than males at the other ages and females at that age. It is unclear Journal of Poultry Science, 52 (4) why male birds gained less weight at 5 weeks of age in the treatment house. Hughes and Elson (1977) suggested that perching birds may have a disadvantage for feeding. Thus, both birds with low weight and low weekly body weight gain may preferentially perch than feed.
Stress, FPD, and Performance in the Enrichment System
In this study, birds in the treatment houses had lower H/L ratios than those in the control houses. Heckert et al. (2002) reported that there was no significant difference in the H/L ratio of 5-6-week-old mixed sex broilers in the presence and absence of perches. The author concluded that there might have been a further reduction in the availability of floor space to the birds by the addition of perches. There was no obstruction by the addition of perches in our study, because birds sometimes used the space between two parallel perches for resting. Pettit-Riley and Estevez (2001) reported that perch use is greatest in mixed sex birds at 3-4 weeks old, and significantly decreased at 5-6 weeks old. In our study, perching behavior was more prominent and H/L ratio was also significantly higher in birds of 3 weeks old than in older birds. Thus, perching behavior might help suppress stress in birds; however, the use of the H/L ratio alone is insufficient to evaluate physiological stress.
FPD prevalence was significantly lower in female birds in the treatment house than in the control house, but not in male birds. As female birds perched more than male birds, the addition of perches might be effective at enhancing the health of female broiler feet. FPD develops in broilers of ages 2 weeks and above, with symptoms deteriorating from 3 weeks onward (Taira et al., 2014) . Taira et al. (2014) also reported that FPD improves when birds are moved from wet-litter houses to dry-litter houses at 3 and 4 weeks of age, but not at 5 weeks. Time is required for severe FPD lesions to develop in broilers (Kjaer et al., 2006) . Thus, it may be important for birds to be active to reduce the early incidence of FPD at about 3 weeks of age and to prevent severe FPD at slaughter age. In our study, pecking and perching behaviors were more prominent in birds of 3 weeks old than of older birds, which might explain the light FPD lesions at slaughter age of birds in the treatment house.
FCRs were better in the control houses compared to the treatment houses for both sexes, which is probably because the birds in the treatment houses were more active. However, the daily gain and final body weights were greater for birds of both sexes in the treatment houses than in the control houses. Thus, enhancing bird activity with hay bales and perches may not adversely affect productivity.
In conclusion, hay bales and perches stimulate moving and stand-resting behaviors, in addition to pecking and perching. Enrichment materials help birds express normal behavior, alleviating stress in the younger and lighter birds of both sexes, in addition to reducing the incidence of FPD in female birds, which use these enrichment materials more than males. These findings may play important role in animal friendly broiler rearing system in Japan in the future.
